Introduction
Although, voltammetry has been used for the determination of traces of erbium 1 in alkali halides, the influence of other rare earths has not been studied. Secondary ion mass spectrometry 2 and Rutherford back-scattering 3 techniques were used for the analysis of erbium profiles in lithium niobate crystals. Higher order derivative spectrophotometric procedures [4] [5] [6] [7] [8] were developed for the determination of erbium in selective rare earth mixtures.
Recently, preconcentrative ICP-MS and NAA procedures have been developed to ascertain individual rare earth element concentrations in seawater samples from various locations. [9] [10] [11] [12] [13] The present paper concerns the determination of ultratrace amounts of erbium (as low as 0.2 ng/L) based on the quenching of Rhodamine 6G by the formation of ternary ionassociation complex-erbium, 5,7-diiodoquinoline-8-ol (5,7-Diiodooxine) and Rhodamine 6G.
To our knowledge, Diiodooxine was not used as one of the reagents in a ternary complex in either spectrophotometry or spectrofluorometry. 14 
Experimental

Reagents
All of the chemicals used were of AR grade. An erbium solution (1000 µg/ml) was prepared by dissolving 0.2860 g of 99.99% pure erbium oxide (RE products, Cheshire) in 10 ml of 1:1 HCl and making up to 250 ml with ultrapure Milli Q water (18 mega ohm). The exact concentration of erbium was determined titrimetrically with EDTA and diluted correspondingly to lower concentrations. A 5,7-Diiodooxine solution (0.01% m/v) was prepared by dissolving Diiodooxine (0.01 g) in 100 ml of methanol. A Rhodamine 6G solution (0.001% m/v) was prepared by dissolving Rhodamine 6G (0.001 g) in water and diluting to 100 ml. A buffer solution (0.25 M) was prepared by dissolving NH4Cl (1.8 g) in 250 ml of water and adding 2.5 ml of a conc. NH3 solution. The pH of this solution was adjusted to 8.0 ± 0.5.
Apparatus
A Perkin-Elmer R Model LS 50-B luminescence spectrometer was used. An ELICO digital pH meter (Model LI-120) was used for pH measurements.
Sampling
The polythene bottles (250 ml) used for sampling the seawater were precleaned with detergent, ultrapure Milli Q water, dilute HNO3 and ultrapure Milli Q water, successively; then 0.25 ml of high-purity HNO3 was added to keep the final acidity of the seawater at around pH 2 after sampling. Monazite sand deposits are located on the south-western, south-eastern and mid-eastern coasts of India. The south-western coast was chosen for the present study. The seawater samples were collected at a depth of 1 m and at a distance of 5 km from respective cities at 7 spots along this coast (Arabian sea), filtered through a 0.45 µm membrane filter and stored at a temperature of 4˚C.
Procedure
To an aliquot of erbium solution (0 -10 ng in 20 ml), 1 ml each of 5,7-Diiodooxine solution, NH3-NH4Cl buffer and 2.5 ml of Rhodamine 6G were added in a 60 ml separating funnel. Water (0.5 ml) and xylene (10 ml) were added and the contents were shaken for 1 min. The organic layer was collected and the fluorescence intensity was measured in a 10 mm quartz fluorescence cell at excitation and emission wavelengths of 540 and 556 mm, respectively. A reagent blank solution containing no erbium was prepared similarly. When examining the effect of foreign ions, the above procedure was also followed, except that an appropriate solution of the foreign ions was additionally added. The determination of the total rare earth content as erbium in seawater was determined after collecting the seawater samples as described above and after adjusting the pH to 8.0 ± 0.5.
Results and Discussion
Excitation and emission spectra
Representative emission spectra of the blank (curve A) and erbium-5,7-Diiodooxine-Rhodamine 6G ion-pair complexes extracted into the xylene phase from the aqueous phase at pH 8.0 ± 0.5 in the presence of 2 and 10 ng/L of erbium (curves B & C, respectively) are shown in Fig. 1 . When the excitation spectrum was measured from 220 nm at a fixed emission wavelength of 556.1 nm, only one excitation peak appeared at 540.0 nm (not shown in Fig. 1 ). The emission peak was at 556.1 nm when the excitation wavelength was fixed at 540.0 nm (see the extraction of 5,7-Diiodooxine-Rhodamine 6G complex into xylene phase was quenched upon the formation of ternary ionassociation complex with erbium. Further, the fluorescence intensity (If) decreased with an increase in the erbium concentration in the aqueous phase. This organic phase fluorescence quenching is similar to that reported by Golovina and Runov 15 during the determination of thorium based on the formation of a ternary ion-association complex with 5,7-dibromo-8-hydroxyquinoline and Rhodamine 6G and extraction into benzene.
Effect of pH and reagent concentrations
The pH of the aqueous phase is an important factor for ionpair extraction. Because the decrease in If was found to be maximum in the pH range 7.5 -8.5, the pH of the aqueous phase was maintained at a pH of 8.0 ± 0.5 using 0.25 M NH3-NH4Cl for ion-pair extraction.
The 5,7-Diiodooxine and Rhodamine 6G concentrations necessary for the formation of a ternary ion-association complex, and thus resulting in quenching of the fluorescence of Rhodamine 6G, was studied by varying the concentrations from 0.5 to 3.0 ml of a 0.01% 5,7-Diiodooxine solution in methanol and 0.5 to 7.5 ml of 0.01% Rhodamine 6G. It was found that the maximum difference in the fluorescence intensity was obtained in the range 0.5 -1.5 ml of 0.01% 5,7-Diiodooxine and 1.0 -7.5 ml of 0.001% Rhodamine 6G. One milliliter of 0.01% 5,7-Diiodooxine and 2.5 ml of 0.001% Rhodamine 6G solutions were used for further studies.
Effect of solvents
Extraction of the erbium ion was carried out by using 5,7-Diiodooxine and Rhodamine 6G as a fluorescent counter cation. Xylene, toluene, cyclohexane and CCl4 were tested as solvents for ion-pair extraction. It was found that all of the solvents quench the fluorescence intensity of Rhodamine 6G, and that xylene gives the maximum difference in the fluorescence intensity during the determination of 2 ng/L of erbium.
Effect of the aqueous-phase volume and time of shaking
The effect of the aqueous-phase volume was studied in the range 5 -50 ml by measuring the magnitude of quenching in the fluorescence intensity by the formation and extraction of a ternary ion-association complex into xylene. The aqueousphase volume has no effect on the quenching of Rhodamine 6G; 25 ml of the aqueous-phase volume was chosen in subsequent studies. Further, it was found that shaking 25 ml of the aqueous phase with 10 ml of xylene for periods ranging from 1 to 5 min resulted in a constant and maximum difference in the fluorescence intensity of the xylene extract; hence, a 1 min equilibrium time was chosen.
The order of adding the reagents was not critical, provided that 5,7-Diiodooxine was added prior to the addition of NH3-NH4Cl buffer.
Calibration graph
Using the optimal reaction conditions established above, a linear calibration curve was obtained by plotting the difference in the fluorescence intensity of xylene extracts in the concentration range 0 -10 ng/L. The variation in the blank fluorescence intensity is 505 ± 10. The detection limit corresponding to 2-times the variation in blank value was calculated to be 0.2 ng/L. The relationship between the decrease in the fluorescence intensity (Y) and the concentration of erbium (X) was obtained by a least-squares method. The correlation coefficient is 0.99974 with Y = (24.83)X + 166. The coefficient of variation was found to be 4.14% for 5 independent determinations of 2 ng/L of erbium.
Effect of foreign ions
The interfering effect of various cations (that are usually present in seawater) in the determination of 2 ng/L of erbium was investigated. The presence of 5.0% Na + , 0.60% K + , 3.6% Mg 2+ , 1.0% Ca 2+ and 100 ng/ml of Cu
2+
, 20 ng/ml of Zn 2+ , 10 ng/ml of Mn 2+ and 0.3 ng/ml each of Co 2+ , Ni 2+ and VO4 3-individually do not have any influence on the quenching of Rhodamine 6G by the formation of a ternary ion-association complex with erbium in the presence of Diiodooxine and Rhodamine 6G. The influence of 2 ng/L amounts of each rare earth element was then systematically studied during the determination of 2 ng/L of erbium. A similar quenching effect was observed in each case. Hence, the total concentrations of rare earth elements could only be determined in real samples, such as seawater.
Analysis of seawater samples collected on the south-western coast of India
Seawater samples were collected as described in "Experimental" on the south-western coast of India, where monazite sand deposits exist, and are acidified before transporting it to laboratory. After filtration, these seawater samples were subjected to analysis for total rare earth content as erbium by following the procedure described in "Experimental". The results are given in Table 1 , from which it is clear that the total rare earth element concentration in the Neendakara-Paravur and Alleppey stretch are comparable with earlier reports with ICP-MS or NAA. [10] [11] [12] [13] On the other hand, the total REE concentrations in Vizhinjam, Veli and Cochin are lower by the developed method. This is not unexpected because the monazite sand deposits are found only in the 1344 ANALYTICAL SCIENCES NOVEMBER 2001, VOL. 17 Neendakara-Paravur-Alleppey stretch.
Conclusions
The uniqueness of the present quenching procedure for the determination of erbium by the formation of a ternary ionassociation complex with 5,7-Diiodooxine and Rhodamine 6G is that for the first time 5,7-Diiodooxine was used as one of the reagents in spectrophotometry or spectrofluorometry. The present procedure is also unique in that for the first time a fluorometric procedure was described for erbium. ANALYTICAL SCIENCES NOVEMBER 2001, VOL. 17 
